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ABSTRACT 
The traditional method for construct development in information systems (IS) is based on classical test theory (CTT). While 
the Rasch approach is more theoretically sound than CTT, it has not been widely adopted in the IS literature. This is probably 
because CTT and Rash often produce similar results but Rash it is more difficult to perform. However, test equating, an 
important aspect of Rasch analysis, provides IS researchers with an effective way to develop complex IS constructs such as 
those that are formative in nature.  The current wisdom is that formative constructs should be determined as part of a 
nomological network (see Petter, Straub and Rai, 2007), but this approach has been shown to be problematic (Edwards, 
2010).  The approach taken in this study is to treat formative constructs as second order reflective with composites based on 
the component dimensions (Treiblmaier, Bentler, and Mair, 2010).  These notions are illustrated by teasing out the 
components of the formative construct Interactive Project Control (IPC) in software development projects using a Rasch 
equating approach. 
Keywords (Required) 
Interactive Project Control, Information Systems Development. Rasch Analysis, Interactive Control. 
INTRODUCTION 
Constructs in information systems (IS) research are either reflective or formative (see Petter, Straub and Rai, 2007). 
Conceptually reflective constructs are latent variables which “cause” the observed variables while for formative constructs 
such observed variables “cause” the construct.  While the formative nature of many constructs has been overlooked in early 
IS studies, researchers are now advocating their identification in IS research (e.g., Petter et al., 2007).  Formative constructs 
however are usually complex and so are likely to be more difficult to develop than reflective constructs since changes to their 
constituent dimensions changes the nature of the construct of interest (Edwards, 2010). This is problematic for constructs 
developed using survey-based field studies since as component dimensions are added and removed in the development 
process a number of full surveys would need to be undertaken to test the efficacy of these changes. 
This process can however be improved by using a Rasch equating approach by augmenting the first survey with additional 
smaller surveys to tease out the components of these complex constructs. This approach will be illustrated in this study by 
focusing on interactive project control (IPC) in software development projects.  Such control is complex since it is not 
entirely clear how to identity its components (it is likely to be a formative construct – cf. Bisbe, Batista-Foguet, and Chenall, 
2007) without a “bottom” up approach. The next section of this paper discusses formative constructs in more detail, and the 
reasons why reflective estimation for these formative constructs is preferred.  This is followed by a discussion of the Rasch 
equating approach1 and its advantages over the traditional approach. 
RECENT WORK ON FORMATIVE CONSTRUCTS 
While most constructs in the IS literature are reflective in nature, recent studies have outlined the virtues of formative 
constructs (see Peter et al., 2007; Diamantopoulos, Riefler, & Roth, 2008).  Reflective constructs are latent variables whose 
outcomes are observed measures. Such reflective measures are conceptually interchangeable with other measures without 
changing the nature of the latent variable. This aspect allows reflective constructs to be determined relatively easily using a 
range of analyses such as classical test theory (see discussion later in this paper) or the Rasch (also known as IRT) approach. 
                                                          
1
 While the Rasch equating approach adopted in this paper is not exclusive to the development of formative constructs, the application of this approach is 
likely to be most helpful in the development of these constructs. 
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 Formative constructs on the other hand are characterized as being composed of different dimensions.  These dimensions are 
conceptually distinct so that replacing one with another substantially changes the construct unlike for reflective constructs 
(Salzberger, 2004).  The traditional method for estimating formative constructs has been to overlook their formative nature 
and treat them as reflective using a CTT approach. The recent literature however has identified the limitations of this 
approach since not all dimensions of these constructs need to be correlated for the formative construct to exist (e.g., Petter et 
al., 2007).  For instance, Socio-Economic Status (SES) (Heise 1972) is a formative construct “caused” by education, income, 
and occupational prestige. A high income for instance would result in high SES even if education or occupational prestige are 
not present so that one would not require the presence of all the indicators (Bollen and Lennox 1991). This suggests prima 
facie that a CTT estimation approach to analyze formative constructs is likely to be problematic. 
One suggestion to cope with this estimation problem is to analyze formative constructs as the mediating construct in a 
nomological network between its antecedents and consequences (for instance see Petter et al., 2007).  This approach, 
however, is problematic since formative constructs determined this way have issues with unidimensionality, internal 
consistency, identification, measurement error, construct validity, and causality (for a summary see Edwards, 2010). Another 
approach is to conduct a two-step procedure to treat formative measures as second order reflective measures (see Treiblmaier, 
Bentler, and Mair, 2010) where the first order is based on composites of the formative dimensions constructed to correlate 
and then using these composites in a reflective analysis. It should be noted that in the special case where the dimensions of 
the formative construct are expected from theory to be correlated each dimension can be treated as its own composite 
resulting in their estimation as if were a simple reflective construct. 
Finally, while reflective constructs are likely to be estimated using CTT due to the simplicity of this approach, this study 
argues that the Rasch estimation process is more effective for the development of formative constructs where a number of 
surveys need to be combined in the process of determining the component dimensions. This equating approach is outlined in 
this study focusing on the development of the IS formative construct interactive project control (IPC) (cf., Bisbe et al., 2007). 
However, before we apply the Rash equating approach the next section discusses the nature of classical test theory (CTT) and 
the Rasch methodology. 
CLASSICAL TEST THEORY AND RASCH ANALYSIS 
The development of reflective constructs in IS research are based on the classical test theory (CTT) approach (Churchill, 
1979).  The underlying definition of measurement on which CTT is based dates back to notions developed by Stevens (1946, 
1951).  CTT is based on the concept of an observed score (X) being the sum of the true score of the unobservable concept (T) 
plus error arising from the measurement process (E) (ie., X=T+E) (see Salzberger, T., Sinkovics, R.R., Schlegelmilch, B.B. 
(1999); Salzberger, 2004).  The errors of the observed measures are assumed to vary at random with a mean of zero and so 
are independent of each other.  Under the CTT approach the aim is to only use observed measures that are highly correlated 
with the unobserved variable.  These items are also likely to be correlated with each other so the resultant construct would be 
unidimensional reflecting the underlying concept of the group.  As more items are included in the scale the errors are more 
likely to balance out and thus have an increasingly smaller effect on the underlying variable. 
CTT analysis is usually performed with parametric statistical tools to identify a set of items that are substantially correlated 
with each other and not with any other construct’s items.  These constructs (or factors) are identified using Factor Analysis, 
and the resultant factors are typically rotated to identify each unidimensional factor that arises from these items.  A more 
advanced approach is the one-factor congeneric (OFC) models where the items are reflective of the latent variable.  These 
OFC models form part of the measurement model of a structural equation model which can be assessed using software 
packages such as LISREL or AMOS.  It should be noted that the CTT approach is relatively robust because items that are not 
optimal can be used by increasing the number of items in the scale items improves the reliability of the scale. 
An alternative to CTT is the Rasch approach. The Rasch model was originally defined as a dichotomous probabilistic model 
(Rasch, 1960) of an individual’s response to an item2, which when plotted in what is called an item-response curve (IRC).  
This curve represents the probability of a person (v) of ability Bv completing an item (i) of difficulty Di.  An easy item has a 
lower location parameter (Di) than a more difficult item, and a person with a less ability (Bv) has a lower location parameter 
than a person with a more positive ability.  The ratio Bv/Di represents the odds of person v endorsing item i.  A logarithmic 
transformation results in terms of βv and δi, and this converts ordinal level data into interval level data for both persons and 
                                                          
2
 The mathematical model is of the form p=P(X=1)=exp(B-D)/[1+exp(B-D)], where B is person’s ability and D=item difficulty. When rearranged has the 
form log(p/[1-p])= B-D.  Thus, the distance between a person’s ability and item difficulty is expressed at the odds of success of the person on the item. 
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items.  This means, unlike CTT, item parameters in Rasch analysis do not depend on the characteristics of the person taking 
the test (Bond and Fox, 2007).  
The original dichotomous Rasch model has been generalised to cope with Likert scales with polytomous ordered categories 
(see Andrich, 1978; Masters, 1982).  Rasch processing aims to convert ordinal data associated with Likert scales to interval 
data which better satisfies the definition of measurement (see Bond and Fox, 2007). The IRC curve for a polytomous item is 
shown in figure one.  A threshold parameter (δij) indicates whether any two adjacent categories (i and j) are equally likely.  
Further, whether any particular rating scale fits the RASCH model is determined by ensuring whether any two adjacent 
thresholds are ordered and not reversed.  If adjacent Rasch thresholds are monotonically ordered (e.g, δ12 < δ23) then the scale 
satisfies the requirements of linear measurement and the scale produced from the analysis is an interval scale (and not ordinal 
as for CTT).  These notions suggest that one of the differences between the CTT and Rasch approaches is the level at which 
the data is modeled.  CTT, for example, models the data at the item level while the Rasch approach models the data at the 
category level within each item.  Thus, Rasch is particularly important where the categories are not of equal length such as 
for Likert scale measures. 
 
 
Figure 1: The Rasch Rating Item Response Curve 
 
Model fit is usually assessed using the Weighted Mean Square (or MNSQinfit) calculation.  For no violations MNSQinfit values 
for each item should be 1.0, however actual data may deviate from this theoretical value due to violations such as guessing, 
item dependency, DIF, or other traits (See Wu and Adams, 2007). As the test statistic has a chi-square distribution, 
acceptable values of MNSQinfit fit occur, for samples with N observations, range from 1.0 - 2.0 x sqroot[2.0/N] to 1.0 + 2.0 x 
sqroot [2/n] (Wu and Adams, 2007). This means that items having MNSQinfit values outside this range would be rejected at 
the 0.05 probability level (ie., p<0.05) consistent with conventional hypothesis testing practice (King and Bond, 1996). 
It should be noted that a useful property of interval measures is additivity which facilitates interpolation and extrapolation 
along the interval scale.  This property of the Rasch approach is used in this study to combine a number of surveys into one 
larger survey by utilizing the Rasch equating methodology. Central to this approach is a common set of items used across the 
merged surveys (Bond and Fox, 2007) so that items that are missing can be accurately interpolated. As discussed earlier the 
Rasch equating approach is used in this study to develop the formative construct interactive project control (IPC) scale. This 
construct is based on Interactive Control (IC) as defined by Simons.  The next section discusses the IC measure and describes 
how this related to IPC.    
INTERACTIVE CONTROL LITERATURE 
The concept of interactive control (IC) was outlined in Simon’s (1995) Levers of Control book.  In this book Simons (1995) 
posits that IC and diagnostic control (DC) are the main types of organizational control and these operate within boundary and 
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belief systems.  DCs are formal information systems that managers use to monitor organizational outcomes and correct 
deviations from predetermined standards of performance (Simons, 1995).  The specific standards of performance are derived 
from the organization’s intended strategy, where such strategy is pre-determined as part of a formal “top-down” planning 
process. DCs are an efficient control mechanism since little management attention is needed allowing a largely “hands-off” 
approach (management by exception). Managers only need to intervene where significant deviations occur requiring them to 
uncover the reasons and work interactively to ensure that performance is brought back on track. Where such deviations arise 
from strategic uncertainties then managers are likely to use DC in a “bottom up” manner to resolve such uncertainties. This 
process is IC.  These notions suggest that IC is not a unique type of control but its use arises from the failure of DC to 
implement intended strategies.  The outcome of this process is the development of an emergent strategy adopted by the 
organisation.  
Simons (1995) argues that belief systems exist to ensure subordinates are motivated to work to achieve strategic goals. For 
IC, such motivation arises from leaders who facilitate the commitment of subordinates to organizational goals and values 
resulting in individuals who are willing to work towards the organization’s strategic values and goals.  Such commitment is 
engendered by skilled leaders able to inspire subordinates to internalize such goals and values. Thus, the successful operation 
of IC relies on subordinate commitment to the organization’s goals and values, and leadership expertise which inspires such 
commitment. In contrast, the motivation to attain targets using DC does not depend on such leadership expertise but is 
associated with goal alignment resulting from incentives and accountability associated with such controls.  This occurs where 
targets are clear and specific and thus unambiguous ensuring subordinates feel highly accountable for their performance.  
Taken together, these notions suggest that the efficacy of IC is critically dependent on leadership expertise and subordinate 
commitment (Simons (1995) boundary systems), while no such dependence is found with DC since commitment to the 
targets is associated with the controls themselves. 
IC has been defined in the literature as consisting of five independent dimensions, namely: (i) intensive use by top 
management, (ii) intensive use by operating managers, (iii) face-to-face challenge and debate, (iv) focus on strategic 
uncertainties, and (v) non-invasive facilitating and inspirational involvement.  The author’s posit that these five dimensions 
are “distinct in nature and do not share a common theme.” (Bisbe et al., 2007).  These comments are indicative of a formative 
construct as they argue that a reflective model is not appropriate as “… [interactive control] is a higher order emergent 
multidimensional construct formed by a series of defining constitutive dimensions” (Bisbe et al., 2007). While Bisbe et al. 
(2007) argue these five dimensions need not co vary it seems to this author that IC depends on the presence of most if not all 
of these dimensions.  For instance, the adoption of IC is likely to depend on a face-to-face challenge and debate focusing on 
strategic uncertainties where such debate would involve top management because ultimately they are likely to make the 
decision to change strategy.  
Further, Simons (1995) argues that ICs are likely to operate at lower levels within the organizations, suggesting their 
applicability to project management systems such as information systems development (ISD) projects.  Moreover, the 
strategic uncertainties faced by ISD projects would be related to changes in requirements and the scope of the project since 
these elements have been reported to impact negatively on project success.  These notions suggest that project leaders (PLs) 
are likely to use adverse performance against project schedule (a form of DC) interactively to determine such changes.  These 
notions suggest that PLs in ISD might be expected to engage in a dialogue with team members (i.e, “intensive use by top 
management” and “intensive use by operating managers”), typically in face-to-face project meetings (“face-to-face challenge 
and debates”) as part of the progress reporting process (“a non-invasive inspirational involvement”) about their inability to 
meet software targets to determine if such inability has arisen because of changes to system requirements (“focus on strategic 
uncertainties”).  
Application of these notions to ISD projects leads one to the view that project success is most likely where IPC is associated 
with leadership expertise and team project commitment.  That is, IPC is most likely to be effective where PLs inculcate team 
members with the projects values and goals mostly in the discussion surrounding the poor performance of team members 
against their (software) targets in the project schedule.  Of course such a discussion is effective where team members are 
committed to project goals and so are likely to readily offer their private knowledge to PLs to ensure the best project 
outcomes.  
METHOD 
This study adopts a CTT approach to develop the IPC scale and its validity is tested with data collected from software 
development projects.  This approach is based on the view that CTT would is preferred over Rasch since it is simpler to 
perform and both types of analysis have found to produce similar results. That is, the Rasch analysis in this situation is more 
complex with little extra benefit. However, when it is found that the IPC scale developed with CTT has little internal validity 
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two follow-up surveys are conducted with a revised scale based on a closer examination of the literature.  These surveys are 
merged using Rasch equating methodology and the merged dataset is used to test the validity of the IPC scale. The first pass 
focusing on CTT is discussed next. 
Development of the IPC Construct – First Pass 
A survey of IS development project leaders was performed resulting in 112 observations resulting representing a 77.3% 
response rate.  These respondents were identified from advertisements for software developers in the employment classifieds 
as no lists of these individuals were publicly available.  Also, to improve sample coverage, and thus its representativeness, 
the contact details of potential respondents was elicited from various user groups such as the SAP users’ group and the JD 
Edwards users’ group (as it was then known).  Evidence of such representativeness comes from responses being drawn from 
12 industry groups, where no group represents more than 30.4% of the total responses.  For this sample, 84.4% of 
respondents are male; respondents work for employers with, on average, between 1001 and 2000 employees; the average age 
of respondents is between 35 and 39 years; the average educational level attained is an undergraduate degree or diploma; and 
only 24.5% are members of a professional association; and the average length of project leader experience is between 6 and 7 
years.  
IPC is implemented as a five item measure (x1 to x5) (see table one) adapted from Simon’s (1995) IC measure.  These items 
are completed by project managers and capture their perceptions of the dialogue with team members as part of the progress 
reporting process about team member performance against software targets (e.g., x1 and x2).  These items infer the “intensive 
use by project managers” and the “intensive use by team members” of IPC in a “non-invasive manner”.  Further, item x3 
makes reference to “face-to-face” interactions, while items x4 and x5 reflect some aspects of the “challenges and debates” 
between PL and team members when they “focus on strategic uncertainties” as part of the explanations and discussions 
offered about the best way to achieve software targets. It is expected that all items need to be present to indicate that IPC has 
been adopted. 
Thus, the IPC scale is likely to be formative since most if not all of these five items represent different concepts (see Bisbe et 
al., 2007), but as the adoption of IPC is dependent on all items in the scale it can be analyzed as if it were reflective since 
each item is its own composite (cf. Treiblmaier et al., 2010). These five IPC’ items are analyzed with a CTT (since its 
application is easier than Rasch) using an exploratory factor analysis (EFA) with the other items capturing leadership 
expertise (LDREXP’), team project commitment (COM’), and project performance (PERF’).  The results shown in table two 
indicate these four constructs are unidimensional.  Further, as IPC’ has a high cronbach alpha (α=0.81) these results confirm 
that it is appropriate to use CTT to analyse the IPC’ scale even though the construct is formative in nature.  The EFA analysis 
indicates that all five dimensions of IPC together are associated with the adoption of this construct.  All four variables were 
constructed by summing the component items. 
Construct validity is confirmed where LDREXP’, COM’, and PERF’ are significantly related to IPC’, so validity is assessed 
by these bivariate correlations.  Unfortunately IPC’ is not significantly related to LDREXP’ (ρ=0.121, p=0.202), COM’ 
(ρ=0.127, p=0.182), and PERF’ (ρ=0.027, p=0.776), suggesting that IPC’ as determined by x1 to x5 are not likely to 
adequately measure the construct of interest3.  Changes to the IPC measure are required to correctly capture this construct.  
These changes and their analysis are outlined in the remainder of this section. 
Development of the IPC Construct – Second Pass 
Failure to prove construct validity for the five item IPC scale just discussed requires a rethink of this measure.  We now focus 
on other literature that may be relevant to this measure.  
The IC approach is similar to that of budget participation (Murray, 1990) since it involves a dialogue which includes 
negotiation of the objectives with subordinates.  Work-unit managers would encourage subordinates to participate in the 
budget setting process to gain access to subordinates private task information (c.f. Dunk, 1990; Kren and Liao, 1988; Shields 
and Young, 1993; Baiman and Evans, 1983; Merchant, 1981; Chow, Cooper, and Waller, 1988).  This information is used by 
managers to improve planning, co-ordination of business activities, and resource allocation (Kren, 1997).  This process is a 
co-operative process where both parties negotiate appropriate budget targets that are consistent with their preferences (Poon, 
Pike, and Tjosvold, 2001; Pope, 1984).  For this process to be successful, managers with leadership experience (or expertise) 
                                                          
3
 IPC’ is also not significantly related to Rasch versions of these variables (i.e., LDREXP, COM, and PERF – see the Appendix for information on their 
construction) further confirming that it is not the variable of interest. 
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would be best able to guide this double-loop learning process by specifying where “… participants should allocate their 
attention” (Simons, 1995, p. 105).  
 
Item 
(xi) 
Description 1st 
pass 
2nd 
pass 
Interactive Project Control (IPC) 
Please indicate whether you agree with the following statements (on a 7 point scale).                           
(Nb. In the following statements, software targets refer to software module specifications plus 
their associated deadlines for module completion.) 
  
x1 When evaluating team member performance I rely on their performance against 
software targets 
  
x2 I ask team members for information about their actual progress against their software 
targets. 
  
x3 Team member reporting of progress against software targets is done in face-to-face 
meetings 
  
x4 I require explanations from team members when they don’t expect to achieve their 
software targets. 
  
x5 Where it appears that team members are unlikely to achieve their software targets 
then I discuss with them the best way to achieve these targets. 
  
x6 Where team members are unlikely to achieve their software targets I discuss with 
them how they expect to achieve their targets 
---  
x7 Where it appears that team members are unlikely to achieve their software targets I 
discuss with them whether we need to rethink the assumptions underlying these 
targets 
---  
Nb. Items x5 and x6 are essentially the same with slightly different wording 
Table 1: Interactive Project Control Items 
 
This process is modeled in the Earl and Hopwood (1980) framework.  They argue that when objectives require clarification, 
such as where there are competing objectives, then supervisors are likely to use the outputs of the formal control system to 
engage in a dialogue with subordinates to clarify objectives.  This use of the “dialogue machine” involves double-loop, or 
second order, learning (see Argyris and Schon, 1978; Adler and Clark, 1991).  For example, if there are changes to user 
requirements, rendering the original software targets irrelevant, then the supervisory cause-effect knowledge developed by 
using the formal controls as “learning machine” would facilitate the operation of this double-loop learning eventually 
resulting in new software targets negotiated with IS developers.  Thus, this interaction with the project team results in a 
rethink of assumptions and the specification of new targets for team members (see also Nonaka, 1991; Nonaka and Takeuchi, 
1995, p.44).  While item x5 hints at this double-loop process, the IPC measure does not have an item that explicitly captures 
this “rethinking of assumptions”.  Thus, accordingly an extra item (x7) is proposed in the PC measure to capture this 
rethinking of assumptions underlying software targets (see table one).  
Two more sub-samples totaling 41observations were collected from project managers.  In the first sub-sample of 15 
responses only three IPC items (x2, x4, and x5) were included, with two items the same as the main sample (x2 and x4), and 
one item (x6) that was similar in nature to another item in the main sample (x5) with a small change to the wording to 
determine if the wording of that item was problematic.  In the second sub-sample of 26 responses five PC items (x1, x2, x4, x6, 
and x7) were included where two were the same as the main sample and the first sub-sample (x1 and x4), two items the same 
as the first sub-sample only (x2 and x6), and the new item reflecting the double-loop learning nature of the interaction 
between the project leader and team members (x7).  Thus in total, a sample size of 153 was obtained from project managers 
and the structure of this dataset for the PC items is shown in table three below. 
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Item Factor1  
(COM’) 
Factor 2 
(PERF’) 
Factor 3  
(IPC’) 
Factor 4    
(LDREXP’) 
COM’ -  x27 0.876 -0.089 -0.113 0.049 
COM’ -  x28 0.915 -0.007 -0.071 0.003 
COM’ -  x29 0.866 0.112 0.086 0.037 
COM’ -  x30 0.798 -0.007 0.168 0.025 
PERF’ -  x18 -0.086 0.782 -0.112 0.173 
PERF’ -  x19 -0.149 0.845 -0.023 0.014 
PERF’ -  x20 -0.003 0.736 0.053 0.233 
PERF’ -  x22 0.028 0.845 0.009 -0.176 
PERF’ -  x23 0.114 0.799 0.013 -0.275 
PERF’ -  x25 0.076 0.698 0.069 0.119 
IPC’ - x1 -0.066 0.046 0.673 0.094 
IPC’ - x2 0.165 0.028 0.823 -0.089 
IPC’ - x3 -0.038 -0.201 0.677 -0.169 
IPC’ - x4 0.038 0.070 0.788 0.074 
IPC’ - x5 0.000 0.050 0.772 0.092 
LDREXP’ - x8 0.101 0.031 0.213 0.771 
LDREXP’ - x9 0.090 -0.019 -0.107 0.851 
Variance Exp. 26.3% 21.1% 13.0% 7.7% 
Eigenvalue 4.5 3.6 2.2 1.3 
Table 2: Factor Analysis of All Items (n=112) 
 
At least two problems exist for a CTT analysis of these extra observations.  Firstly, data for x1, x2, x5, and x7 was not 
collected in the first sub-sample of 15 items, and secondly data for x3 and x5 was not collected in the second sub-sample of 26 
items (see table three).  The Rasch analysis is able to correctly interpolate this data because items that fit the Rasch model are 
linear and so comparisons are able to be made between items and missing data is able to be generated from the linearity.  This 
approach is difficult for CTT to accommodate with its reliance on raw ordinal data and so means that interpolation based on 
linearity is not possible. 
However, Rasch processing will only produce interval data from ordinal data in specific circumstances.  First, a minimum of 
between 5 to 10 observations should exist in each cell.  Adjacent categories should be collapsed to satisfy this requirement.  
Second, the deltas (δij, …) should be monotonically increasing to satisfy the requirement for Rasch analysis.  In the collected 
data in this study it can be seen that some categories in the items have fewer than five to 10 observations per cell, and that 
some of the deltas are not in ascending order (see table four, Panel A and B).  All seven items were recoded to satisfy these 
requirements, namely: (i) for x1 the bottom two categories collapsed into a single category, and the next two categories 
collapsed into one; (ii) for x2, x3, x4, and x7, the bottom four categories collapsed into one; and (iii) for x5 and x6 the bottom 
five categories collapsed into one.  These adjustments result in deltas that monotonically increase for each of the seven items 
in the IPC scale (see table four, Panel C).  
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          Item 
Obs# 
x1 x2 x3 x4 x5 x6 x7 
1 
                            
2 
                            
3 
                            
.. 
  ..   ..   ..   ..   ..   ..   .. 
.. 
  ..   ..   ..   ..   ..   ..   .. 
.. 
  ..   ..   ..   ..   ..   ..   .. 
.. 
  ..   ..   ..   ..   ..   ..   .. 
110 
                            
111 
                            
112 
                            
113 
                            
114 
                            
.. 
  ..   ..   ..   ..   ..   ..   .. 
.. 
  ..   ..   ..   ..   ..   ..   .. 
.. 
  ..   ..   ..   ..   ..   ..   .. 
126 
                            
127 
                            
128 
                            
129 
                            
.. 
  ..   ..   ..   ..   ..   ..   .. 
.. 
  ..   ..   ..   ..   ..   ..   .. 
.. 
  ..   ..   ..   ..   ..   ..   .. 
152 
                            
153 
                            
Table 3: Structure of Data for IPC construct 
 
The seven items (x1 to x7) were analyzed using QUEST software (Adams and Khoo, 1993) based on joint maximum 
likelihood estimation (JMLE).  This estimation method is relatively robust as it makes no distributional assumptions about 
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the data. Further, item fit statistics are used to assess the fit of the seven items.  These statistics depend on sample size. For a 
sample of 153 observations the model fits the date where item fit as described by MNSQinfit ranges from 0.771 to 1.229.  The 
item fit diagram in figure two shows a good level of fit for each of the six items in the IPC scale showing MNSQinfit values 
ranging from 0.79 (x2) to 1.18 (x6).  It should be noted that x3, i.e., face-to-face meetings, was removed from the measure 
because it did not provide significant discrimination suggesting it is not an important dimension of IPC contrary to theory.  It 
should also be noted that the changing of the wording to x5 from “the best way” to “how they expect” (x6) results in a 
marginal reduction in discrimination of that item suggesting such change in wording had no impact. 
 
QUEST IPC run to determine DIF & Estimates                                                                 
----------------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                          
all on all (N = 153 L = 6 Probability Level=0.50)                                                                 
----------------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                             
 MNSQ   0.67      0.71      0.77      0.83      0.91      1.00      1.10      1.20      1.30      1.40      1.50  
----------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+- 
 item x1                                                      |          x1 
 item x2                          x2                          | 
 item x4                                                 x4  | 
 item x5                                                    |          x5 
 item x6                                                    |                 x6 
 item x7                                                    |     x7 
================================================================================================================= 
Figure 2: DIF Analysis for IPC 
 
A QUEST analysis was also performed on the LDREXP, COM and PERF scales resulting in a valid item fit for each 
construct (see the Appendix).  The descriptive statistics for all four constructs is shown in Table five below.  The resultant 
IPC measure shows good levels of reliability with an internal consistency of 0.72 (Nunnally, 1972).  In terms of construct 
validity, it is expected that IPC would be related to LDREXP, COM, and PERF.  Construct validity is thus determined by 
focusing on the correlation between IPC and these variables.  Table five shows that IPC exhibits good construct validity since 
it is significantly related to LDREXP (ρ=0.177, p<0.05), COM (ρ=0.251, p<0.01), and PERF (ρ=0.228, p<0.01)4. Thus, six 
of the seven items, excluding face-to-face meetings, are important dimensions of the IPC scale. 
SUMMARY AND CONCLUSIONS 
This paper describes the Rasch equating approach for the development of complex constructs in information systems (IS) 
research.  To illustrate this process, this study outlines the development of interactive project control (IPC) operating in an 
information systems development (ISD) environment.  As this construct is complex, given that it is formative in nature (cf. 
Bisbe et al., 2007), this study outlines an iterative approach to the development of such constructs.  Rasch equating facilitates 
the merging of field study surveys allowing researchers to augment the main survey with follow-up surveys that tease out the 
nature of complex constructs such as those that are formative in nature. 
As IPC is similar conceptually to interactive control (IC) (Simons, 1995), the first attempt at developing the IPC instrument 
using a classical test theory (CTT) resulted in a reflective construct which did not seem to capture the essence of IPC.  It was 
concluded that what was missing from the IPC construct was the notion of double-loop learning where the strategic 
uncertainties being faced by project teams require them to “rethink the assumptions underlying their software targets”.  More 
data was collected in follow-up surveys with this item included and the analysis was reworked using the Rasch equating 
approach to combine surveys.  The adjusted IPC measure was found to have internal validity as it has a significant 
relationship with associated constructs, namely leadership expertise, team commitment, and project performance.  
 
                                                          
4
 Further support for this view exists since IPC is also significantly correlated to the CTT versions teams’ project commitment (COM’, ρ=0.256, p<0.01) and 
project performance (PERF’, ρ=0.257, p<0.01).  While PC is not significantly correlated with leadership expertise (LDREXP’, ρ=0.118, p=0.146), this is 
not expected since LDREXP’ was developed from the two proxy items and so might not capture all aspects of leadership expertise as the more expansive 10 
item scale. 
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Table 4: Data Distribution for IPC Items 
 
 
Panel A: Mean Abilities (cell counts) – Initial distribution 
            Anchor 
Item         
(sample size) 
Strongly 
Disagree = 1 2 3 4 5 6 
Strongly 
Agree = 7 
x1 (n=138) -0.90 (3) -0.91 (8) 0.49 (22) 1.18 (14) 1.68 (48) 2.34 (36) 2.84 (7) 
x2 (n=153) -1.67 (5) -1.15 (5) -0.42 (5) 0.70 (10) 0.84 (35) 1.85 (61) 2.75 (32) 
x3 (n=112) 0.79 (1) -0.58 (6) -0.04 (3) 1.27 (13) 1.51 (36) 1.86 (34) 3.07 (19) 
x4 (n=153) -2.54 (2) -2.33 (1) -1.60 (3) 0.63 (14) 0.73 (36) 1.55 (58) 2.76 (39) 
x5 (n=112) -2.54 (1) -0.96 (3)   ----- 0.53 (5) 0.97 (15) 1.55 (46) 2.51 (42) 
x6 (n=41) -2.33 (2) -2.12 (1)   -----   ----- 0.24 (13) 1.27 (18) 1.36 (7) 
x7 (n=26) 0.00 (1) -2.12 (1) -1.13 (1) -0.78 (3) 0.55 (7) 1.24 (8) 1.17 (5) 
Panel B: Deltas (δij) (before item analysis) 
             Transitn 
Item             #(ij) 1(12) 2(23) 3(34) 4(45) 5(56) 6(67) Ascending order? 
x1 -2.41 -0.85 1.17 0.23 2.16 4.46  
x2 -1.44 -0.43 -0.36 -0.30 0.87 2.79  
x3 -2.56 0.63 -0.62 -0.25 1.76 3.08  
x4 -2.05 -2.46 -1.79 -0.29 0.82 2.45  
x5 -2.38 -0.45 -0.45 -0.29 0.24 2.07  
x6 -2.04 -1.81 -1.81 -1.81 0.41 252  
x7 ----- -1.81 -2.06 -0.71 0.72 1.60  
Panel C: Deltas (δij) (after item analysis) 
             Transitn 
Item             #(ij) 1(12) 2(23) 3(34) 4(45) 5(56) 6(67) Ascending order? 
x1 -2.52 -0.37 0.96 3.30    
x2 -1.27 -0.41 1.62     
x3 -0.75 0.57 1.92     
x4 -1.65 -0.44 1.29     
x5 -0.80 0.90      
x6 -0.99 1.24      
x7 -2.05 -0.66 0.30     
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Variables Cronbach  
Alpha 
α 
Internal 
Consistency 
IPC LDREXP PERF COM 
Interactive Project Control (IPC) 0.54 0.72 1.000    
Leadership Expertise (LDREXP) 0.87 0.70 0.177* 1.000   
Project Performance (PERF) 0.81 0.87 0.228** 0.095 1.000  
Teams’ Project Commitment (COM) 0.86 0.81 0.251** 0.245** 0.164* 1.000 
** significant at the 0.01 level (2-tailed); * significant at the 0.05 level (2-tailed) 
Table 5: Descriptive Statistics (n=153) 
 
The advantages of this approach are as follows. First, Rasch equating can reduce the number of items provided in 
questionnaires.  For instance, a sub-set of the items in a scale can be split across a number of sub-samples so reducing the 
number of items respondents have to answer.  This is likely to reduce the size of the questionnaire so increasing the response 
rate.  Second, this approach allows new items to be added to the questionnaire and trialled on smaller sub-samples as if they 
had been included in the original sample.  This provides a relatively quick approach for developing complex constructs 
leading to the novel concept of agile field research methods.  With respect to the construct of interest in this study, the results 
suggest that the IPC scale should include a dimension that reflects double-loop learning and the “rethinking of assumptions” 
to reflect changes in ISD scope. 
REFERENCES 
1. Adams, R.J., and Khoo, S.T. (1993) Quest: The interactive test analysis system, Hawthorn Victoria: Australian Council 
for Educational Research 
2. Adler, P.S., and Clark, K.B. (1991) Behind the learning curve: a sketch of the learning process”, Management Science, 
37, 3, 267-281 
3. Andrich, D. (1978) A rating formulation for ordered response categories, Psychometrika, 43, 4, 561-573 
4. Argyris, C., and Shon, D.A. (1978) Organizational Learning, Reading, MA: Addison-Wesley 
5. Baiman, S., and Evans, III, J.H. (1983) Pre-decision information and participative management control systems”, 
Journal of Accounting Research, 371-395 
6. Bass, B. M. (1998) Transformational leadership: Industrial, military, and educational impact. Mahwah, NJ: Erlbaum.  
7. Bass, B.M. & Avolio, B.J. (Eds.) (1994) Improving organizational effectiveness through transformational leadership. 
Thousand Oaks, CA: Sage Publications.  
8. Bisbe, J., Batista-Foguet, J., and Chenall, R. (2007) Defining management accounting constructs: A methodological note 
on the risks of conceptual misspecification, Accounting, Organizations, and Society, 32, 7 & 8, 789-820 
9. Bisbe, J., and Otley, D. (2004) The effects of the interactive use of management control systems on product innovation, 
Accounting, Organizations, and Society, 29, 709-737 
10. Bollen, K., and Lennox, R. (1991) Conventional Wisdom on Measurement - a Structural Equation Perspective, 
Psychological Bulletin, 110, 2, 305-314.  
11. Bond, T., and Fox, C. (2007) Applying the rasch model: Fundamental measurement in the human sciences, 2nd Edn, 
Lawrence Erlbaum Associates: New Jersey 
12. Chow, C.W., Cooper, J.C., and Waller, W.S. (1988) Participative Budgeting: Effects of a Truth-Inducing Pay Scheme 
and Information Asymmetry on Slack and Performance, The Accounting Review, 111-122 
13. Churchill, G.A. (1979) A paradigm for developing better measures of marketing constructs, Journal of Marketing 
Research, 16, 2, 64-73 
14. Diamantopoulos, A., Riefler., P., and Roth, K.P. (2008) Advancing formative measurement models, Journal of Business 
Research, 61, 1203-1218 
Fraser  The Rash Approach to Field Research in IS 
1. Proceedings of the Eighteenth Americas Conference on Information Systems, Seattle, Washington, August 9-12, 2012. 12 
15. Dunk, A.S. (1990) Budgetary participation, agreement on evaluation criteria and managerial performance: a research 
note, Accounting, Organizations and Society, 15, 3, 171-178 
16. Earl, M.J., and Hopwood, A.G. (1980) From management information to information management”, in H.C. Lucas Jr., 
F.F. Land, T.J. Lincoln, and K. Supper (Eds), The Information Systems Environment: Proceedings of the IFIP TC8.2 
Working Conference on the Information Systems Environment, Bonn, West Germany, 11-13 June 1979, Amsterdam, 
North Holland Publishing Company, 3-13 
17. Edwards, J.R. (2010) The fallacy of formative measurement, Organizational Research Methods, 14, 2, 370-388 
18. Heise, D.R. (1972) Employing nominal variables, induced variables, and block variables in path analysis, Sociological 
Methods and Research 1, 2, 147-173. 
19. King, J., and Bond, T. (1996) A Rasch analysis of a measure of computer anxiety, Journal of Educational Computing 
Research, 14, 1, 49-65 
20. Kren, L., and Liao, W.M. (1988) The role of accounting information in the control of organizations: a review of the 
evidence, Journal of Accounting Literature, 280-309 
21. Masters, G.N. (1982) A Rasch model for partial credit scoring., Psychometrika, 47, 2, 149-174 
22. McComb, S.A, Green, S.G., and Compton, W.D. (1999) Project goals, team performance, and shared understanding, 
Engineering Management Journal, September 
23. Merchant, K. (1981) The design of the corporate budgeting system: influences on managerial behaviour and 
performance”, The Accounting Review, 56, 813-829 
24. Murray, D. (1990) The performance effects of participative budgeting: an integration of intervening and moderating 
variables", Behavioral Research in Accounting, 2 
25. Nonaka, I. (1991) The Knowledge-Creating Company, Harvard Business Review, 69, 6, 96-104 
26. Nonaka, I., and Takeuchi, H. (1995) The Knowledge-Creating Company: How Japanese Companies Create the 
Dynamics of Innovation, NY: Oxford University Press 
27. Nunnally, J.C. (1978) Psychometric Theory, 2nd Edition, McGraw-Hill: New York 
28. Petter, S., Straub, D., and Rai, A. (2007) Specifying formative constructs in IS research," MIS Quarterly, 31, 4, 657-679 
29. Poon, M., Pike, R., and Tjosvold, D. (2001) Budget participation, goal interdependence and controversy: a study of a 
chinese public utility”, Management Accounting Research, 12, 1, 101-118 
30. Pope, P.F. (1984) Information asymmetries in participative budgeting: a bargaining approach”, Journal of Business 
Finance and Accounting, 41-59 
31. Rasch, G. (1960) Probabilistic models for some intelligence and attainment tests, Copenhagen: Danmarks Paedagogiske 
Institut.  
32. Salzberger, T. (2004) Reconsidering the paradigm of measurement in marketing research: Critically reviewing recent 
contributions challenging churchill’s paradigm, Proceedings of the 2004 Australian and New Zealand Marketing 
Academy Conference (ANZMAC), Wellington, New Zealand, November 29th to December 1st, 2004. 
33. Shields, M.D., and Young, S.M. (1993) Antecedents and consequences of participative budgeting: evidence on the 
effects of asymmetric Information”, Journal of Management Accounting Research, 5, 265-280 
34. Shore, L.M., Barksdale, K., and Shore, T.H. (1995) Managerial perceptions of employee commitment to the 
organization”, Academy of Management Journal, 38, 6, 1593-1615 
35. Simons, R. (1990) The role of management control systems in creating competitive advantage: new perspectives, 
Accounting, Organizations and Society, 15, 1/2, 127-143 
36. Simons, R. (1994) How new top managers use control systems as levers of strategic renewal, Strategic Management 
Journal, 15, 169-189 
37. Simons, R. (1995) Levers of Control: How Managers Use Innovative Control Systems to Drive Strategic Renewal, 
Boston: Harvard Business School Press 
38. Treiblmaier, H., Bentler, P.M., and Mair, P. (2010) Formative constructs implemented via common factors, Structural 
Equation Modeling, 18, 1-17 
39. Widener, S.K. (2007) An empirical analysis of the levers of control framework, Accounting, Organizations, and Society, 
32, 757-788 
Fraser  The Rash Approach to Field Research in IS 
1. Proceedings of the Eighteenth Americas Conference on Information Systems, Seattle, Washington, August 9-12, 2012. 13 
40. Wu, M., and Adams, R., (2007) Applying the Rasch model to psycho-social measurement: A practical approach, 
Educational Measurement Solutions 
41. Yukl, G.A. (1999). An evaluation of conceptual weaknesses in transformational and charismatic leadership theories. 
Leadership Quarterly, 10, 2, 285-305 
 
Fraser  The Rash Approach to Field Research in IS 
1. Proceedings of the Eighteenth Americas Conference on Information Systems, Seattle, Washington, August 9-12, 2012. 14 
APPENDIX 
This section outlines the development of the three variables used to ascertain construct validity of interactive project control 
(IPC).  These variables are: (i) leadership expertise (LDREXP); (ii) teams’ project commitment (COM); and (iii) project 
performance (PERF).  The construction of these variables is outlined in the remainder of this appendix. 
 (A). Leadership expertise LDREXP 
The leadership expertise scale (LDREXP) is comprised of the items in table A.1.  The first two items (x4 and x5) are collected 
in all 153 observations while the latter 8 items (x10 to x17), inspired by those in the transformational leadership scale (Bass, 
1988; Bass and Avolio, 1944; Yukl, 1999), are collected only in the last 41 observations. 
 
Item 
(xi) 
Description 
Leadership Expertise (LDREXP) 
Please rate yourself on the following item (You should circle 7 on each item if you believe you 
are in the top 10% of individuals):  
x8  Project management experience.  (on a 7 point scale) 
For how many years have you been employed as a project/team leader? (please tick box) 
x9          <2 years ;         2 or 3 years ;     4 or 5 years ;     6 or 7 years ;  
 8 or 9 years ;     10 or 11 years ; 12 or 13 years ; 14 or 15 years ;           
16 or 17 years ; 18 years or more . 
Please rate yourself on each of the following attributes and behaviours exhibited by 
project/team leaders.  (You should circle 7 on each item if you believe you are in the top 
10% of individuals with project/team leadership expertise.) 
x10 Stimulates team members to rethink the way they do things 
x11 Ability to maintain focus and constancy of purpose 
x12 Providing a vision of what project outcomes can be 
x13 Describing your vision for the future to team members 
x14 Building team spirit. 
Please indicate the extent of your project/team leadership expertise by circling the 
appropriate number on each of the following item.  (You should circle 7 on each item if 
you believe you are in the top 10% of individuals with project/team leadership 
expertise.) 
x15 Not inquisitive 1     2     3     4     5     6     7  Highly inquisitive leader 
From the perspective of important others please indicate how you think they would rate your 
project/team leadership expertise.  (You should circle 7 on each item if you believe you are in the 
top 10% of individuals with project/team leadership expertise.) 
x16 My supervisor’s assessment of my leadership expertise is:  1 …………..7 
x17 My team members’ assessment of my leadership expertise is: 1 …………..7 
Table A.1: LDREXP items 
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The categories for each of the 10 items in the LDREXP scale is shown in table A.2 below. A number of these items needed 
recoding to satisfy the Rasch item fit requirement to ensure that LDREXP is a linear measure (table A.2 shows ascending 
transitions).  Most of the recoding consisted of collapsing the bottom few categories (bottom 3 categories - x8 and x10; bottom 
4 categories - x11, x15, x16, and x17; bottom 5 categories - x12, x13, and x14) as most respondents seemed to use the top 
categories of these items.  Finally, for item x9, the top 3 categories, the prior 3 categories, followed by the next prior 2 
categories were collapsed together suggesting that employment as a project leader groups meaningfully into less than 2 years, 
2 to 3 years, 4 to 7 years, 8 to 13 years, and 14 or more years.  These recodes lead to ascending transition points (deltas) as 
required for the LDREXP scale to conform to the Rasch assumptions.  
 
Panel A: Deltas (δij) (after item analysis) 
             Transit’n 
Item 12 23 34 45 56 67 
Ascending 
order? 
x8 (n=153) -3.89 -2.51 -0.88 1.13    
x9 (n=153) -3.13 -1.35 -0.41 1.47    
x10 (n=41) -2.56 -0.90 0.16 2.50    
x11 (n=41) -1.74 0.55 0.78     
x12 (n=41) -0.23 0.77      
x13 (n=41) 0.01 1.44      
x14 (n=41) -0.32 2.01      
x15 (n=41) -0.80 0.09 1.89     
x16 (n=41) -1.05 0.02 1.88     
x17 (n=41) -1.05 -0.06 1.60     
Table A.2: Data Distribution for LDREXP Items  
 
 
A DIF analysis was performed (figure A.1) for LDREXP showing that the scale is unidimensional with a reliability of 0.70 
and internal consistency of 0.87 which is acceptable (Nunnally, 1972). 
 
QUEST 1st LDREXP run to determine DIF & Estimates                                                                 
----------------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                           
all on all (N = 153 L = 10 Probability Level=0.50)                                                                
----------------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                             
 MNSQ   0.67      0.71      0.77      0.83      0.91      1.00      1.10      1.20      1.30      1.40      1.50  
----------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+---------+-- 
 item x8                                             x8      | 
 item x9                                                     |    x9 
 item x10                                                    |   x10 
 item x11                                              x11    | 
 item x12                                x12                  | 
 item x13                                                    |               x13 
 item x14                                               x14   | 
 item x15                                                    |x15 
 item x16                                                    |   x16 
 item x17                                         x17         | 
================================================================================================================= 
Figure A.1: DIF Analysis for LDREXP 
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(B). Project Performance (PERF) 
The project performance scale is comprised of the items in table A.3 drawn from the Project Effectiveness items in the 
McComb, Green, and, Compton (1999) scale and which is collected from in all 153 observations (x18, x19, x20, x22, x23, and 
x25), and supplemented by three additional items (x21, x24, and x26), to overcome some of the perceived difficulties with the 
McComb et al., (1999) scale.  These three items were collected in the last 41 observations. 
 
Item 
(xi) 
Description 
Project Performance (PERF) 
With reference to project objectives please indicate whether you agree with the following 
statements (on a 7 point scale). 
x18 The project will be able to overcome all technical hurdles. 
x19 The project will meet all of its technical objectives. 
x20 The project team will provide a technical solution that can be implemented. 
x21 The project is performing as planned. 
x22 This project will meet all of its business goals. 
x23 This project will provide its expected commercial value to the firm. 
x24 The project is likely to satisfy users’ needs 
x25 This project will complete its objectives in time to achieve its strategic value. 
x26 Over, this project is performing to expectations 
Table A.3: PERF items 
 
The distribution of categories in each of the 9 items for PERF scale is shown in table A.4 below. A number of these items 
needed recoding to satisfy the Rasch item-fit requirements so that PERF is a linear measure (table A.4 shows ascending 
transitions).  Most of the recoding consists of collapsing the bottom few categories (bottom 2, then next 3 categories – x25; 
bottom 3, then next 2 categories - x18, and x24; bottom 3, then next 2, then next 2 categories – x21; bottom 3 categories – x23; 
bottom 4 categories - x19, x20, x22, and x26) as most respondents seemed to use the top categories of these items.  These 
recodes lead to ascending transition points (deltas) as required for the PERF scale to conform to the Rasch assumptions.  
A DIF analysis was performed (figure A.2) for PERF showing that the scale is unidimensional with a reliability of 0.87 and 
internal consistency of 0.81 which is excellent (Nunnally, 1972). 
 
QUEST 1st PERF run to determine DIF & Estimates                                                                 
----------------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                         
all on all (N = 153 L = 9 Probability Level=0.50)                                                                 
----------------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                             
 MNSQ   0.67      0.71      0.77      0.83      0.91      1.00      1.10      1.20      1.30      1.40      1.50  
----------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+---------+-- 
 item x18                                                    |           x18 
 item x19                                  x19                | 
 item x20                              x20                    | 
 item x21                                                    x21 
 item x22                                        x22          | 
 item x23                                                    |                 x23 
 item x24                                                x24  | 
 item x25                                                    |           x25 
 item x26                                                    |                x26 
================================================================================================================= 
Figure A.2: DIF Analysis for PERF 
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Panel A: Deltas (δij) (after item analysis) 
             Transit’n 
Item 12 23 34 45 56 67 
Ascending 
order? 
x18 (n=153) -1.85 0.53 2.86     
x19 (n=153) -0.88 0.80 2.52     
x20 (n=153) -0.73 1.68      
x21 (n=41) -5.10 1.15      
x22 (n=153) -1.47 0.58 2.27     
x23 (n=153) -1.87 0.69 2.20     
x24 (n=41) -4.33 0.27 3.09     
x25 (n=153) -6.60 0.44 2.26     
x26 (n=41) -0.48 0.83 2.64     
Table A.4: Data Distribution for PERF Items 
 
(C). Teams Project Commitment (COM) 
The Team Project Commitment scale is comprised of items from the Shore, Barksdale, and Shore (1995) scale outlined in 
table A.5 below. All items were collected in the 153 responses. 
 
Item 
(xi) 
Description 
Team Project Commitment (COM) 
Reflecting on the team’s attitude to the project, to what extent do its members appear to:  
x27 … adopt an emotional attachment to the project? 
x28 … view the project’s problems as their own? 
x29 … care about the fate of the project? 
X30 … be committed to the project? 
Table A.5: COM items 
 
The distribution of categories in each of the 4 items for the COM scale is shown in table A.6 below. A number of these items 
needed recoding to satisfy the RASCH item-fit requirements so that COM is a linear measure (table A.6 shows ascending 
transitions).  Most of the recoding consisted of collapsing the bottom few categories (bottom 3 categories – x27 and x28; 
bottom 4 categories – x29 and x30) as most respondents seemed to use the top categories of these items.  These recodes lead to 
ascending transition points (deltas) as required for the COM scale to conform to the Rasch assumptions. 
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Panel A: Deltas (δij) (after item analysis) 
             Transit’n 
Item 12 23 34 45 56 67 
Ascending 
order? 
x27 (n=153) -3.25 -1.29 0.86 4.86    
x28 (n=153) -2.96 -1.56 1.15 4.15    
x29 (n=153) -3.02 -0.63 3.17     
x30 (n=153) -3.32 -0.76 3.07     
Table A6: Data Distribution for COM Items 
 
A DIF analysis was performed (figure A.3) for COM showing that the scale is unidimensional with a reliability of 0.81 and 
internal consistency of 0.86 which is excellent (Nunnally, 1972). 
 
QUEST 1st COM run to determine DIF & Estimates                                                                 
----------------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                         
all on all (N = 153 L = 4 Probability Level=0.50)                                                                 
----------------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                             
 MNSQ   0.67      0.71      0.77      0.83      0.91      1.00      1.10      1.20      1.30      1.40      1.50  
----------+--------+--------+--------+--------+--------+--------+--------+--------+--------+--------+---------+- 
 item x27                                                  x27| 
 item x28                                x28                  | 
 item x29                                          x29        | 
 item x30                                                    |           x30 
================================================================================================================= 
Figure A.3: DIF Analysis for COM 
 
(D). Summary Statistics 
The correlation matrix (Table A.7) was constructed for these Rasch variables LDREXP, PERF, and COM with the same 
variables calculated using a classical test theory (CTT) approach (i.e., LDREXP’, PERF’, and COM’ respectively) (see table 
5 in the main body of the paper).  This table A.7 shows that both sets of variables are significantly related indicating that the 
Rasch analysis produces variables that are highly correlated with their CTT counterparts.  It should be noted that LDREXP 
and LDREXP’ are not as highly correlated (ρ=0.885, p<0.01) suggesting that LDREXP may be more accurately capturing 
leadership expertise than LDREXP’ defined by proxy items x8 and x9. 
 
 
 
 
 
 
 
 
 
 
 
 
** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed) 
Table A.7: Descriptive Statistics (n=112) 
Variables Cronbach  
Alpha 
α 
LDREXP LDREXP’ PERF PERF’ COM COM’ 
LDREXP 0.87 1.000      
LDREXP’ 0.56 0.885** 1.000     
PERF 0.81 0.095 0.074 1.000    
PERF’ 0.88 0.097 0.073 0.977** 1.000   
COM 0.86 0.245* 0.151 0.164* 0.132 1.000  
COM’ 0.89 0.229* 0.136 0.169* 0.135 0.965** 1.000 
